1. The metabolism of glucose and glutamine in freshly prepared resting and concanavalin A-stimulated rat thymocytes was studied. Concanavalin A A. 4 . In the presence of glucose, almost all nitrogen of the metabolized glutamine was accounted for as NH3 released via the glutaminase and/or glutamate dehydrogenase reactions. In the absence of glucose, part (18%) of the glutamine nitrogen was metabolized by the resting and to a larger extent (38%) by the mitogen-stimulated thymocytes via a transaminase or amidotransferase reaction.
Enhanced aerobic glycolysis is not unique to malignantly transformed cells, but has been observed also in mitogenically transformed lymphocytes (Roos & Loos, 1973; Culvenor & Weidemann, 1976; Hume et al., 1978a; Hume & Weidemann, 1979) . It has been suggested that stimulation of glycolysis by concanavalin A results from the co-ordinated activation of plasma-membrane glucose transport and phosphofructokinase in thymocytes (Yasmeen et al., 1977; KolbuchBraddon & Weidemann, 1981) . Glutamine utilization and oxidation is also stimulated by concanavalin A in lymphocytes isolated from mesenteric lymph nodes (Ardawi & Newsholme, 1983) .
Mitogen-induced lymphocyte activation is a useful system for distinguishing metabolic differences between tumour-cell growth and controlled t To whom reprint requests should be addressed. [3,4-14C] glucose in the presence of the mitogen demonstrates directly that pyruvate oxidation is stimulated to the extent suggested by Hume et al. (1978a,b) . The fact that the ratio of 14C02 released from [1-14C] glucose to that from [6-14C]glucose is both small and similar in the absence (1.5) and presence (1.3) of concanavalin A suggests that glucose metabolism via the oxidative segment of the pentose pathway is not Ardawi & Newsholme (1983) , who used mature T-lymphocytes from rat mesenteric lymph nodes. The rates of glucose utilization in their experiments were slightly higher than those reported here, but, in contrast with our findings, they observed an increase in glucose utilization from 37.1 to 60.8pmol/h per g dry wt. in the presence of 2mM-glutamine. In the present experiments 40 and 42% of the glucose taken up by unstimulated thymocytes was recovered in lactate in the presence and the absence of 4mM-glutamine respectively, whereas Ardawi & Newsholme (1983) Vol. 221 recovered 55 and 79% respectively. Concanavalin A in the incubations reported here increased the conversion of glucose into lactate in immature thymocytes to 57%.
Quantitative aspects of [U-14Cjglutamine metabolism
The rate of glutamine utilization by incubated rat thymocytes was 0.59 pmol/min per 1010 cells, which is approximately one-fifth of that measured in mature lymphocytes (Ardawi & Newsholme, 1983) . The major end products were glutamate (61%), aspartate (25%) and 14CO2 (21%), yielding a complete carbon balance (Table 3) . Approx. 50% of the glutamine metabolized beyond the stage of glutamate could be recovered as aspartate, and the remainder as 14CO2, indicating that glutamine in these cells significantly contributed to respiration. The same recovery of glutamine in the products glutamate (61%) and aspartate (27%) was reported by Ardawi & Newsholme (1983) , although they did not measure CO2. They found insignificant lactate formation when glutamine was the sole substrate.
When both glucose and glutamine were present in the incubation medium, the rate of glutamine utilization by the immature thymocytes decreased significantly, and more glutamate (72%) but less aspartate (13%) was produced. In contrast with our results, Ardawi & Newsholme (1983) observed an increase of almost 1.4-fold in the rate of glutamine utilization by mature lymphocytes incubated with 5mM-glucose, and nearly all of the glutamine utilized was recovered as glutamate (63%) and aspartate (3 1%). Only 26.7% of the glucose utilized by the immature thymocytes was converted into lactate and pyruvate in the presence of 4mM-glutamine. Concanavalin A caused a significant stimulation ofglutamine utilization and a change in the pattern of product formation. Relatively less glutamate (49%), but more aspartate (33%), was produced in comparison with control incubations. The absolute, but not the relative (21%), amount of 14CO2 released from [U-14C]glutamine was significantly increased in the mitogen-activated thymocytes, suggesting that glutamine is a suitable energy substrate for proliferating thymocytes. All of the increased glutamine utilized was accounted for as glutamate, aspartate and CO2. It is noteworthy that concanavalin A had a similar effect on glutamine metabolism in mature lymphocytes. Ardawi & Newsholme (1983) observed a 1.5-fold increase in glutamine utilization, but without a corresponding increase in glutamate production, indicating that, consistent with our finding, more glutamine was metabolized via the citric acid cycle in mitogen-stimulated lymphocytes. Addition of glucose to incubations containing glutamine and concanavalin A not only abolished the mitogeninduced increment of glutamine utilization by rat thymocytes but also decreased this rate below that observed in the controls. The rates of substrate utilization and product formation were similar to those found when glucose and glutamine but no mitogen were present in the incubations (Table 3) . From these results it can be concluded that glucose rather than glutamine is the preferred fuel of respiration for immature rat thymocytes. This conclusion is supported by the following findings: (i) glucose utilization can be stimulated by concanavalin A (Table 1 ) even in the presence of glutamine (Table 3) ; (ii) addition of glucose causes a decrease in the extent of glutamine metabolism (Table 3) , whereas addition of glutamine does not decrease glucose metabolism by rat thymocytes (Table 1) . Approx. 48% of the increased glucose utilized in the mitogen-activated cells could be accounted for as lactate.
The marked differences between our results, obtained with immature rat thymocytes, and those of Ardawi & Newsholme (1983) , who used mature lymphocytes from mesenteric lymph nodes, mainly concern the mutual effects of glucose and glutamine on their respective metabolic fates. In the immature cells, although glutamine had no significant effect on glucose metabolism, glucose markedly decreased the rates of glutamine utilization and product formation, even in the presence of concanavalin A. In mature lymphocytes, however, glutamine stimulated the rate of glucose utilization and glucose increased, rather than decreased, glutamine metabolism: all of the increased glucose utilization could be accounted for as lactate, and all of the increased glutamine utilization could be accounted for as glutamate and aspartate (Ardawi & Newsholme, 1983) . Thus the oxidative degradation of neither substrate was increased. In the immature thymocytes, however, the presence of 4mM-glucose not only decreased the rate of glutamine utilization but caused an even more pronounced decrease in the conversion of glutamine into aspartate. Incorporation of [U-14C]-glutamine into protein was slightly enhanced in incubations with glucose present (Table 3) . It is particularly striking that in the absence of glucose virtually no lactate was detected in the incubations, indicating that, in contrast with mature lymphocytes, no pathway was active in converting glutamine carbon atoms into lactate. As reported previously with sliced rat spleen (Suter & Weidemann, 1976) , glucose also affected the rate of ammonia formation from glutamine during the incubation. From the measured rates of glutamine utilization and glutamate formation it is possible to calculate the amount of ammonia that could theoretically be liberated by the action of glutaminase and glutamate dehydrogenase during the incubation. Without additions this calculation yields 48.9, with glucose present, 29.1, with concanavalin A present, 68.9, and with both glucose and concanavalin A, 27.0 (Mmol/h per 1010 cells). Comparing these calculated values of ammonia formation with those actually measured (Table 3 ), it appears that in the presence of glucose virtually all of the glutamine nitrogen not accounted for as glutamate is converted into ammonia. In the controls (8.9 smol), and especially in the incubation with concanavalin A present (26.24umol), a substantial amount of glutamine nitrogen was not released as ammonia, but was released via a transaminase or amidotransferase reaction (e.g. for the synthesis of purine and pyrimidine nucleotides). Further studies on glucose and glutamine metabolism in mitogen-stimulated proliferating cultured thymocytes are required to elucidate the contribution ofglutamine to the respiratory fuel and energy supply in proliferating cells.
